The taxonomic position of five strains isolated from horse faeces, and which shared identical 16S rRNA gene sequences, were studied. Cells of all isolates are Gram-stain-negative, obligately aerobic and have a rod-shaped appearance. The strains show highest 16S rRNA gene sequence similarities to Acinetobacter lwoffii (98.3 %), Acinetobacter haemolyticus (98.0 %), Acienetobacter johnsonii (97.9 %) and Acinetobacter brisouii (97.9 %). Whole-genome sequencing of strain 114 T and phylogeny reconstruction based on a core set of 1061 Acinetobacter genes indicated that A. bouvetii CIP 107468 T was the closest relative among species of the genus Acinetobacter for which whole genome sequences are available. The genomic DNA G+C content of strain 114 T is 34.9 mol%, which is lower than any other value reported for the genus Acinetobacter. The predominant polyamine is 1,3-diaminopropane, which is typical for the genus Acinetobacter. The most abundant fatty acids are C 16 : 1 v7c and/or iso-C 15 : 0 2-OH (36 %) and C 16 : 0 (28 %). The proportion of C 18 : 1 v9c (7 %) is distinctively low compared to most species of the genus. The major ubiquinone of strain 114 T is Q-9. Microscopic studies revealed the presence of pili and the absence of flagella. The capability of all five strains to utilize L-arabinose and gentisate as well as their lack of growth at temperatures of 41 8C and above provide sufficient criteria to distinguish the isolates from all species of the genus Acinetobacter with validly published names. Based on these combined data, the five isolates represent a novel species of the genus Acinetobacter, for which the name Acinetobacter equi sp. nov. is proposed. The type strain is 114 T (5DSM 27228 T 5CCUG 65204 T ).
horse at Minsleben, Germany (zip code D-38855, Harz district, Saxony-Anhalt; GPS coordinates: 518 529 0.840 N 108 499 43.680 E) in October 2012. Fresh faeces samples were collected with Amies agar gel medium transport swabs (108C; Copan, Italy), stored overnight at room temperature and plated on CHROMagar Acinetobacter (CHROMagar, France) the next day. After incubation at 37 8C for 24 h, Acinetobacter-like red colonies grew to a size of 1-2 mm. Single colonies were transferred into 50 ml sterile water and boiled for 10 min. After centrifugation of the samples, 2 ml supernatant was taken as a template to test by PCR for the bla OXA-51-like carbapenemase gene intrinsic to A. baumannii (Turton et al., 2006) . As the result was negative, partial sequencing of the rpoB gene from strain 114
T was conducted using primers Ac696F and Ac1598R as described previously (Nemec et al., 2009) . The resulting sequence of 861 bp (GenBank accession no. KC494699) served as the query in a subsequent BLAST search against the NCBI nucleotide collection and non-redundant protein database, respectively. The search revealed the rpoB gene of Acinetobacter johnsonii as the highest scoring hit, showing however only 88 % sequence identity to the query sequence and 93 % sequence identity for the corresponding amino acid sequence. Sequence identity values for Acinetobacter lwoffii (87 % and 92 %), Acinetobacter haemolyticus (83 % and 90 %) and Acinetobacter brisouii (83 % and 88 %) are in a similar range.
Next, spectroscopic DNA-DNA hybridization (DDH) of strain 114
T against type strains A. johnsonii DSM 6963 T , A. lwoffii DSM 2403 T , A. haemolyticus DSM 6962 T and A. brisouii DSM 18516 T was performed by the Identification service of the Leibniz Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Cells were disrupted by using a Constant Systems TS 0.75 kW instrument (IUL Instruments) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite (Cashion et al., 1977) . Spectrophotometric determination of DDH was performed as described (De Ley et al., 1970; Huss et al., 1983 (digital DDH values 21.4, 22.0, 21.4, and 22.1 %, respectively) . This suggests an isolated position of strain 114 T within the genus Acinetobacter. To corroborate this assumption, this strain was further characterized using a polyphasic approach.
The Identification Service of the DSMZ was commissioned to perform a 16S rRNA gene sequence analysis of strain 114 T . The resulting partial 16S rRNA gene sequence encompassed 1523 nt (GenBank accession no. KC494698). A structureguided alignment of this sequence to 16S rRNA genes from representatives across the genus Acinetobacter was then performed. This analysis revealed highest 16S rRNA gene sequence similarities with A. lwoffii (98.3 %), A. haemolyticus (98.0 %), A. johnsonii (97.9 %) and A. brisouii (97.9 %).
The neighbour-joining tree based on these sequences ( Fig. 1 ) lent support to the initial notion that strain 114 T takes a distinct position within the genus, however the branch support for strain 114 T was low (bootstrap value 32 %). The distinct position of strain 114
T was further substantiated by Bayesian consensus tree searches based on rpoB and gyrB nucleotide sequence alignments, respectively (Figs S1 and S2, Supplementary Information S1, and Table  S1 , available in the online Supplementary Material).
The whole genome sequence of strain 114
T was then determined. To this end, chromosomal DNA from an overnight culture was prepared using a Qiagen Genomic-tip 500/G according to the manufacturer's instructions, and GATC Biotech (Konstanz, Germany) was commissioned to perform genome sequencing (PacBio RS II technology). This attempt yielded the complete genome of 3 054 269 bp (assembly program HGAP3, coverage 250-fold). The data are available in the GenBank database under accession no. CP012808 (Bioproject PRJNA296861).
To decisively determine the phylogenetic placement of strain 114
T we pursued a phylogenomic approach integrating the analysis of 1061 Acinetobacter core genes (see Supplementary Information S1 and Table S2 ). A maximum-likelihood tree reconstruction considering 59 strains from the genus Acinetobacter revealed that strain 114
T is only distantly related to any so far described and sequenced species, with Acinetobacter bouvetii CIP 107468 T being the closest relative (Fig. 2 ).
In line with the isolated position of strain 114 T in the Acinetobacter phylogeny, the G+C content of the genome of strain 114
T is, at 34.9 mol%, the lowest among all hitherto analysed members of this genus where DNA G+C contents range from 36.6 to 54.7 mol% (Alvarez-Pérez et al., 2013; Choi et al., 2013; Kim et al., 2014; Li et al., 2014; Smet et al., 2014) .
Using the GGDC 2.0 web server, genome-based pairwise digital DNA-DNA hybridization (dDDH) values for strain 114
T and all available genomes from type strains of members of the genus Acinetobacter were calculated (http://ggdc.dsmz.de/distcalc2.php; Meier-Kolthoff et al., 2013). The DDH estimates were all in a very narrow range from 20.7 % (Acinetobacter harbinensis) to 22.4 % (Acinetobacter guillouiae) (GGDC 2.0, formula 2). Collectively, DNA-DNA relatedness of strain 114
T with all sequenced type strains can be estimated to be significantly below the threshold value of 70 % recommended for delineation of a species (Stackebrandt & Goebel, 1994; Wayne et al., 1987) . To obtain a more refined picture, the genomewide pairwise sequence similarity between strain 114 T and its closest relative according to core genome-based phylogeny, A. bouvetii CIP 107468
T (see Cell morphology of strain 114
T was examined by transmission electron microscopy (negative staining and ultrathin sectioning) and scanning electron microscopy (for details of the preparation protocols, see Supplementary Information S2). Bacteria appeared rod-shaped with a mean size of 1.560.9 mm (Fig. S3 A, B) . TEM further revealed the presence of pili especially if bacteria were grown or transferred in liquid media before fixation for electron microscopy ( Fig. S3 C, D) . While some of the bacteria showed pili all around their surface, others displayed pili only at one pole or did not show any pili at all. In line with the notion that all members of the genus Acinetobacter lack flagella, no flagella were observed by transmission electron microscopy and scanning electron microscopy in strain 114 T (Fig. S3) . Accordingly, no swimming motility could be noticed for strain 114 T (data not shown).
For production of biomass used for chemotaxonomic analyses, cells grown in PYE broth (0.3 % peptone from casein, 0.3 % yeast extract, pH 7.2) were harvested. Cells subjected to polyamine analysis were harvested at the late exponential growth phase as recommended by Busse & Auling (1988) . Cells subjected to the integrated procedure for extraction of quinones and polar lipids (Altenburger et al., 1996; Tindall, 1990a, b) were harvested from the stationary growth phase. For polyamine analysis, HPLC conditions were applied as described by Busse et al. (1997) . The equipment used for HPLC analysis was described by Stolz et al. (2007) . ]). Our results integrate with the previous observation that 1,3-diaminopropane is the major polyamine in Acinetobacter (Auling et al., 1991; Busse & Auling, 1988; Hamana & Matsuzaki, 1992; Kämpfer et al., 1992) . The major ubiquinone of strain 114
T was Q-9 (84 %), further quinones were Q-8 (13 %) and Q-10 (3 %). The major polar lipids of strain 114 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine, an unidentified aminophospholipid (APL) and an unidentified phospholipid (PL). Additionally, 11 unidentified lipids without amino-, phosphate-or sugar residues were detected (Fig. S4) . This polar lipid profile was almost identical to that of A. baumannii ATCC 19606 T with the sole difference that the profile of the latter showed an absence of few minor lipids (data not shown). Fatty acids were extracted and analysed by the Identification Service of the DSMZ according to the standard protocol of the Microbial Identification System (MIDI) by using the TSB40 method. To this end, strain 114 T was cultivated on trypticase soy broth agar for 24 h at 37 8C. The major fatty acids determined for strain 114 T were C 16 : 1 v7c and/or iso-C 15 : 0 2-OH (36.2 %; summed feature 3), C 16 : 0 (28.2 %), C 18 : 1 v9c (7.0 %) and C 12 : 0 (6.5 %) (Table S3) . Importantly, the portion of C 18 : 1 v9c (7.0 %) is considerably lower than in most species of the genus Acinetobacter where portions are in the range 17-45 % (Anandham et al., 2010; Kämpfer et al., 1992; Lee & Lee, 2010; Lee et al., 2009; Malhotra et al., 2012; Vaz-Moreira et al., 2011; Yoon et al., 2007) . In the closest relative, A. bouvetii, the proportion of C 18 : 1 v9c had been determined at a relatively low level of 13.5-13.8 % (Abbas et al., 2014; Lee & Lee, 2010) and in the distantly related species Acinetobacter apis, Acinetobacter nectaris and Acinetobacter boissieri it was even lower (1-6 %) (Kim et al., 2014) .
Recently, the Galleria mellonella infection model has been established to characterize the virulence potential of species of the genus Acinetobacter (Peleg et al., 2009) . We found that infection doses of strain 114 T ten times higher than that used for the virulent reference strain A. baumannii ATCC 17978 (1-2610 6 c.f.u. of strain 114 T compared to 2-3610 5 c.f.u. of A. baumannii ATCC 17978) caused only very limited lethality. Also, melanization of the larvae, being indicative of a stress response, was very weak (see Fig. S5 ).
In 2015, in an attempt to isolate additional representatives of the supposedly novel species, we collected horse faeces in the Wernigerode region. While we were unsuccessful in isolating related bacteria from horse samples in Minsleben where strain 114 T was collected, we isolated related bacteria from the faeces of four different horses in the neighbouring village of Silstedt (518 519 410 N 108 509 550 E) using CHROMagar Acinetobacter as above. The partial 16S rRNA gene sequencing of strains Sil3.1, Sil4.1, Sil7.1 and Sil10.2 revealed no difference to strain 114 T and only one of the strains (Sil7.1) showed a distinct rpoB sequence (GenBank accession no. KT599435) with 99.5 % similarity to strain 114 T . A random amplified polymorphic DNA (RAPD)-PCR using primer A (59-CTGGCGGCTTG-39; Ziemke et al., 1997) was performed and confirmed the distinctness of each of the isolates (Fig. S6 ).
All five strains were oxidase-negative, catalase-positive and grew well in 26 YT broth (16 g l 21 tryptone, 10 g l 21 yeast extract, 5 g l 21 NaCl) as well as in brain heart-infusion broth at 37 8C under aerobic conditions but not at 41 8C. The isolates grew well on CHROMagar Acinetobacter, on bile-chrysoidine-glycerol agar [GCG agar (Ziesché et al., 1985) ; Heipha Diagnostika] and on MacConkey agar after incubation for 24 h at 27 8C and at 37 8C.
The API 20NE test system (bioMérieux) showed nitrate reduction under aerobic conditions in all five strains (two repetitions each), which is rare among members of the genus Acinetobacter (Bouvet & Grimont, 1986) , and assimilation of caprate (weak), adipate, malate and citrate after incubation at 30 8C for 48 h. All other API 20NE reactions were negative.
All five strains were further characterized phenotypically using the Biolog GEN III MicroPlate system (protocol A, 22 h at 33 8C) to identify species of the genus Acinetobacter with most similar metabolic capabilities. With all five strains tested 2-5 times each, the highest similarity was either to Acinetobacter variabilis ('Acinetobacter genomospecies 15TU' according to the OMNILOG database), to Acinetobacter ursingii, or to A. guillouiae. Reproducibly, all strains showed respiration on L-alanine, L-glutamic acid, methyl pyruvate, L-malic acid, bromosuccinic acid, Tween 40 and acetic acid. Utilization of these compounds in liquid mineral medium was confirmed following established protocols (Nemec et al., 2009 ).
The metabolic capabilities of the five strains were further tested following protocols established for Acinetobacter (Nemec et al., 2009) , and were compared to the data recently provided for all species of the genus with validly published names (Krizova et al., 2015) . Table 1 summarizes the phenotypes of the proposed novel species and of the three most similar species according to Biolog analyses, the most closely related species according to core genome-based phylogeny (A. bouvetii), as well as the species with less than six differentiating traits (Krizova et al., 2015) . The capability of all five strains to assimilate L-arabinose and gentisate in combination with the inability to grow at 41 8C and above are sufficient to differentiate the isolates from all species of the genus Acinetobacter with validly published names (Krizova et al., 2015) as well as from the recently described Acinetobacter populi (Li et al., 2015) , and at least four differentiating traits were identified for all species (Table 1) .
Collectively, based on these results, it is obvious that strain 114 T represents a novel species of the genus Acinetobacter for which the name Acinetobacter equi sp. nov. is proposed.
Description of Acinetobacter equi sp. nov.
Acinetobacter equi (e9qui. L. gen. n. equi of the horse).
Cells are rods, 0.8 mm wide and 1-1.5 mm long, and stain Gram-negative. Aerobic, oxidase-negative and catalasepositive. Cells lack flagella. Pigments are not produced. Colonies appear red on CHROMagar Acinetobacter and grow up to 1-2 mm in diameter within 24 h at 37 uC. Growth occurs on MacConkey agar and on bile-chrysoidine-glycerol agar after incubation at both 27 uC and 37 uC. Non-haemolytic on sheep blood agar, no gelatinase activity. The API 20NE test system shows nitrate reduction, variable arginine dihydrolase activity, and utilization of L-arabinose, caprate (weak), adipate, malate and citrate. Acid production from D-glucose is variable. The following compounds are utilized on mineral medium: acetate, adipate, L-alanine, L-arabinose, bromosuccinic acid, citrate, gentisate, L-glutamate, L-histidine, 4-hydroxybenzoate, ubiquinone is Q-9 and the major polyamine is 1,3-diaminopropane. Major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine, an unidentified aminophospholipid and an unidentified phospholipid.
The type strain, 114 T (5DSM 27228 T 5CCUG 65204 T ), was isolated from faeces of a horse collected in Minsleben (Germany). The DNA G+C content of the type strain is 34.9 mol%.
